Many studies have highlighted breaks in mean values of temperature and precipitation time series since the 1970s. Given that temperatures have continued to increase following that decade, the first question addressed in this study is whether other breaks in mean values have occurred since that time. The second question is to determine which climate indices influence temperature and rainfall in the coastal region of Northern Algeria. To address these two questions, we analyzed the temporal variability of temperature and annual and seasonal rainfall as they relate to four climate indices at seven coastal stations in Algeria during the 1972-2013 period using the Mann-Kendall, Lombard, and canonical correlation (CC) analysis methods.The annual and seasonal maximum, minimum and mean temperatures increased significantly over that time period. Most of these increases are gradual, implying a slow warming trend. In contrast, total annual and seasonal rainfall did not show any significant change. CC analysis revealed that annual and seasonal temperatures are negatively correlated with the Western Mediterranean Oscillation (WeMOI) climate index that characterizes atmospheric circulation over the Mediterranean basin. On the other hand, rainfall is positively correlated with a large-scale atmospheric index such as the Southern Oscillation Index.
INTRODUCTION
Algeria has been subjected to a persistent drought over the last several decades, although the intensity of this drought changes from one region to the next (Taibi et al. ) . A growing number of studies have attempted to characterize this drought and determine its possible climate causes (e.g. Medjerab & Henia ; Meddi & Meddi ; Meddi & Talia ; Meddi et al. ) . Some of these studies have shown that breaks in mean values of rainfall time series occurred during the 1970s (e.g. Meddi et al. ) and that these breaks are part of a regional trend observed through-Oscillation (NAO) in most of the Western Mediterranean region (Xoplaki et al. ; Trigo et al. ) , and the El Niño-Southern Oscillation (ENSO) in the Eastern Mediterranean, where the influence of NAO is weak (Yakir et al. ) .
For Algeria, Meddi et al. () found a negative correlation between these indices and annual rainfall measured at seven stations located in the Macta and Tafna watersheds, in the northwest part of the country. In general, the influence of these latter two climate indices on the temporal variability of temperature and precipitation has been highlighted in many regions of the Mediterranean basin (e.g. Kutiel et al. ; Maheras et al. ; Dünkeloh & Jacobeit ) . However, other studies have shown that these two indices were not correlated with temperature and precipitation in several parts of the Mediterranean basin, and proposed a couple of regional climate indices that better account for the general atmospheric circulation in this basin. Two such regional climate indices were put forth: () observed a significant correlation between high-intensity seasonal rainfall and the MOI in Western Algeria.
Given the foregoing, the three goals of the study are as follows:
1. To analyze long-term trends in temperature and rainfall in the coastal region of Algeria since the 1970s.
2. To constrain the nature (sharp or gradual) and timing of breaks in mean values of temperature and rainfall series.
3. To analyze the relationship between climate indices and climate variables in order to identify those climate indices which are most strongly correlated with climate variables since the 1970s in the coastal region of Algeria.
STUDY AREA
The study is restricted to the seven climate stations located on the Mediterranean coast of Northern Algeria, because of the availability of continuous temperature and rainfall data measured since 1972. Moreover, this region is predicated on major issues and challenges pertaining to water resource management as a result of population densification and rapid growth, rapidly developing intensive agriculture which consumes large amounts of water, and the presence of numerous dams used for irrigation purposes.
Climate in this region is typically Mediterranean, with hot and dry summers and mild and rainy winters (Kottek et al. ) . In Northern Algeria, annual precipitation increases from west to east, ranging from 300 mm in the west to 1,500 mm in the east (Zeroual et al. ) . Precipitation also decreases away from the coast. The largest amount of rain falls during the winter season, from September to February. Mean monthly temperatures range from 11 W C (in January) to 26 W C (in July and August). The location of the seven weather stations is shown in Figure 1 , and their characteristics are presented in Table 1 .
METHODOLOGY Data
The data analyzed were taken from the National Meteorol- that are independent from a random variable X for which the stationarity or long-term trend must be assessed, the MK statistic is defined as follows:
where X i and X j are sequential values of X and n is the sample size. The test statistic is obtained by counting, for each (X i À X j ) i<j pair, the number of cases where the second value is greater than the first, and the number of cases where the second value is less than the first, then subtracting these two numbers. The presence of a statistically significant trend is assessed using the Z score value as follows:
A positive (negative) Z score reflects an increasing (a decreasing) long-term trend, and its significance is compared with the critical value or significance threshold for the test. The critical Z score values when using a 95% confidence level are À1.96 and þ1.96 standard deviations.
The p-value associated with a 95% confidence level is 0.05. If the Z score is between À1.96 and þ1.96, the p-value will be larger than 0.05 and the null hypothesis cannot be rejected. which makes them less useful than the Lombard method. We have described this method in some of our previous work (e.g. Assani et al. ) . Given a series of observations, noted X 1 , . . . , X n , where X i is the observation taken at time T ¼ i. These observations are supposed to be independent. One question of interest is to see whether the mean of this series has changed. If μ i refers to the theoretical mean of X i , then a possible pattern for the mean is given by Lombard's smooth-change model where:
Analysis of breaks in mean values
In other words, the mean changes gradually from θ 1 to θ 2 between times T 1 and T 2 . As a special case, one has the usual abrupt-change model when
In order to test formally whether the mean in a series is stable or rather follows model (1), one can use the statistical procedure introduced by Lombard (). To this end, define R i as the rank of X i among X 1 ,……,X n . Introduce the Wilcoxon score function ϕ(u) ¼ 2u À 1 and define the rank score of X i by:
where:
Lombard's test statistic is:
At the 95% confidence interval, one concludes that the mean of the series changes significantly according to a pattern of type (3) 
RESULTS

Temporal variability of temperature and rainfall
Results of the long-term trend analysis of temperature and rainfall ( Figure 2) using the MK method are presented in In contrast, the long-term trend of summer maximum temperatures at that station is positive, and that for mean temperatures is not significant. The long-term trends of winter maximum temperature at the Chlef station and of winter mean temperature at the Soumman station are not statistically significant. As far as rainfall is concerned, the long-term trend is not statistically significant at any of the stations, at both the annual and seasonal scales. Thus, despite a generalized change in temperature, total rainfall has neither increased nor decreased over time.
The Lombard method was used to constrain the timing of breaks in mean values of temperature and rainfall series.
Results obtained using this method are shown in Tables 2-4. 
summer, temperatures are negatively correlated with
WeMOI and rainfall is negatively correlated with the Southern Oscillation Index (SOI). Finally, it is interesting to note that rainfall and SOI are positively correlated with the fourth canonical axis both for winter (Table 6 ) and at the annual scale (Table 5 ).
DISCUSSION
Comparison of the temporal variability of temperature and rainfall as they relate to climate indices at seven coastal stations in Northern Algeria produced the following three significant findings: Significant values of S n are shown in bold. T 1 and T 2 are the years of start and end, respectively, of significant changes in mean values of a given series.
1. The long-term trend of the temporal variability of temperature is characterized by a significant increase during the period from 1972 to 2013 both at the annual and seasonal The Lombard method analysis revealed that most breaks in mean values of temperature series are gradual, although these breaks are not synchronous for maximum and minimum temperatures. These gradual breaks suggest that the increase in temperature was likely slow due to the dampening influence of the Mediterranean Sea on strong temperature fluctuations.
2. As far as rainfall is concerned, no significant change in the long-term trend and mean values of the series is observed Significant values of S n are shown in bold. T 1 and T 2 are the years of start and end, respectively, of significant changes in mean values of a given series. Significant values of S n are shown in bold. T 1 and T 2 are the years of start and end, respectively, of significant changes in mean values of a given series.
over the period analyzed. Moreover, as discussed below, the temporal variability of temperature and rainfall is not negative trends of winter precipitation in the Mediterranean basin for the 20th century, whereas Xoplaki et al.
() showed that trends in many regions are not statistically significant due to considerable variability at the This study highlights the fact that temperatures show a better correlation with the two local indices that characterize atmospheric circulation over the Mediterranean basin, while rainfall is better correlated with SOI, which affects climate at the global scale. It follows that the temporal variability of temperatures is much more strongly affected by local general circulation patterns, a finding that may account for the cooling trend observed at the Tenes station, whereas the temporal variability of total rainfall is much more strongly affected by global scale circulation mechanisms (i.e. SOI). Values statistically significant of structure coefficients appear in bold.
